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VECTOR KITS

,r.

The vector breadboarding kits (one for each pair of-students) are to

'be Ogned 'out for the Semester. Their-return in good condition, and corn-
\\

6

plete, will be xhe responsibility of the student. Students will he charged

for. damages andior losse.h( Each kit will be stored in the 1flec6:onics De-.

partment Stockroom when not tp _use In the laboratory.'

-Each kit contains:

4 aluminum side rails and fasteners'

1 aluminum bottom plate and screws

1 piece of phenolic vectorboard, Obched
L-Plfr

2 bus bars

20 spring clip terminals

Check your kit when you re,oieve-i . ,Sign Tecei t 'indicating material

above has been:received in good condition.

Directions for use:

(1) Remove the two screws At one end f the bottom plate.- Gently pull

.on the short aluminum side rail 'd remove it. Small parts are

stored inside.

S6ecial cabled are provided eronnecting to Wentwerth Institute

standard jaboratory instrum nts. These have a banana' plug on one
;

end, and that b weep th'e coils of the spring on the spring
'7-

clips.

(3) For short con4ections b

from theotockroom.

butt wire, or hook A)

,

71

tween spring clips, use bus wire, obtainable

longer connections, use spaghetti onthe

1



' (4) When the kit is to be stored, reverse the, phenolic board 80 that

the parts are inside the case. Put loose parts inside- the"case

and replace tlie.end rail. Replace the two screws on the bottom

plate and tr:n the kit into the stickroom for storage.

(5) Separate from the vector-kit, eacAtudent will receive 71 resistors

which will be turned in at-the end of the semester.

I.

4
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Principal Problem

4 Number 1

D.C. Fundamental's
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Statement of -the Problem:

This pri.nciple

.. lb 0.4.0 ..mr. _s _MVP °

oblem is divided into p phases Leading

towards the successful design and'analysis of a dLc

ammeter and a d-c.voltmeter. In order to complete the

solution we must gain experience.wjth basic circuit analysis.

Peyliminary Discussion: 4

.The d-c voltmeter and ammeter are the most 'important and

basfc instruments. Their use must be mastered by the tech-

njcian. We will of necessity, apply Ohm's law, loop and

nodal analysis, and ntlwork theorems to complete the problem.

Each step of the problem will be based on the successful com-

,

00

pletion of the preceeding step. Much of the required guidance

will be furnished in this manual at the,place where it will

410
.rs . be needed. This problem in turn will be the foundation for

-

the next, and so on, for the rest of the entire curriculum.'

You will need to master new measuring techniques as they

are requira, and apply what you can learn, both in the class-

room And the laboratory, to
'

this probleM. The instructor

will point out other related concepts and similar problems

which you can solve after increasing your experience to the

level required.by the solution of this problem. Please write

all your data, calculationS, conclusions reasoning and obser-

vations immediately in the notebook. R fp a record of all

youy errors since we sometimes learn more._by our errors than

our successes.



gip

Facts and l'Iciples to be leained in thi's Tuldem.

The tatts and principles to be learned'in the princia4l
:

problem will be enumerated or contained in the prelimi-

nary discussion-of each phase.

.4

1

1

4so

4
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Phase I Resistor Color Code

/

A

Facts and pqnciples to be learned in this problem

Memorize the resistor color code

Learn how to use tile C.R. Bridge

Characteristics of resistors are classified

by color code

Preliminar Discussion:

Resistors are classified according to their resist

in ohms, resi ance tolerance, ahd to their power

ive value

74,

r4ting in

watts: Figure 1 illustrates a physical diagram and the

electrical symbol for a resistor -

7:r
A IA X .K

Colored bands

Physical diagram

Note that the resistor has four colored hatlids around'the
.

resistor which indicates-the resistance valup and the tolerance.

Electric& symbol

a.

The first band represents the first significant fhure. The

second color represents the second significant Ugure. The

third color represents the multiplying factor.' The fourth.

color (gold or silver) repiesents the tolerance.

resistor color code is listed in Table I:

6-

4.

The standard
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4.

Table I - Resistor ColoT Code

Color Significant Figure

r

Multiplying Value '

Blaak

BrOWn

Red

Orange

Yellow

Green

Blue

Violet

0

.1*

2 10
2

3 10
3

'4 TO
4

5 10
5

8

6 10
6

7 10
7

Gray t 8 108

White. 9 169

-Gold 5% toler.ance

/.
Silver 410% toleranck .

No Color ±20% tolerance.
1,

Table 1 - kesistor Color Code

Ab an example, let us determine the resistive value and

tolerance of the resistor shownsbelow'

Yellow

Violet

Oiange

1--

Silver

The first:and s,econd baAds are yellow and violet respectively. .

.tc

The muitiplying.band is c'olored orange and tIle tolerance band .

.

is colored silper. Referring to Table I yields a resistancr of:

47 X 10
3

47,000 ohms

s,



Laboratony Operation Procedure:

1. From color code determine the resistiVe value of.the

71 resistors you have rectiveth Make a list in yOur

notebook for this will he very usefill in later work.

2. Obta.in and st.utly the-type 1650A Impedapce Bridge

with the Condensed Operating Instructions. Measure

the.resistance of ten different resistors on the '1650A

Tmpedance Bridge and compare with the color values.

Do these valdes lie within'the tolerance indicated..

3, Measure the same tea resistors with ail ohmmeter and

L'ELP....41.A11.2.12 Test:

compare results.

.Determine the, resistive value and tdierance'of 'the following

sesistors:

First Band

,

Second Bind
. Ibird Band. Fourth Band:

Brown

Black

Violet

Gredn

:Orange

'Red

- Red Cold

Green . Silver

Violet No Color

Conclildihg Discussion: 4.

4
*

NOw that theuse of the color code has been mafmered, it ,

will be applied in some of the fo.11dtaing phaseS.
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Uhase 2. LaboraAry WAring Techn.146ea

Factsand Princides to Ile learned An this hase.

1. Ty learn hold.to constnuct a circuit from a schematic

dJagram.

Preliminary
OiscvsOori: Ilefore any electronic problems can be-solved a basic knOwlbdge

AT

."a

S.

kp
111

4,1

ptus a minimum levelt or-'experience must be attairied. Only

1

after his roundation has been complet6d, Gan the.student divert
4 9 . ,

f . . Y i
hiii attentiOn frdm holltp Ils.0-thi tools Ofvelectronics.to apOy-

,

. .

. ..

a schemItic,diagram and gain experience-in the cynnection Of

it meters.
6

o .

4
,

Labo'ratary:13T:eItItliaa 4

-

...

, I
TA212-4.1a6:

"'Connect ea4 of- the circults shoon'in the schematic diiigrams
.

. t
. . .

ing thea.e. toolS. 1Th4s phas-6-'is"desUned so thp..t. LI-To 440 con
o . ,p, ,

. .

gain anielementary proficien6r in eonstrUcting a circaktttelgn
. ,

beloW% An instrucior must check,each set-up before you proceed

neltt one.

Wentiireh

Power Supply

Sc

Note: 'Do not apply power to any pf Ore circuits.

Figure A

,

J.

a

Et
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'Wentworth

'Power-Supply

Wentworth'

.Power Supply

I

c

3.9K 1.5K.

14_

(A)

6.8K

Figure B

Wentworth

Bias Supply.

Figure C

Power Supply
.

Figure D.

4

7
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-2,11

4.

Wentworth

10K.

Power Supply

SW

<> 470K

18K 2.7K

Bias -

Supply

ConcludinA

DiscussIon:-. "It should be

to construct

Figure E

7:

concluded

.1\

a circuit fs to lay it out as cloaely as p9ssible

P

now that the most practical way

to the circ'uit schematic. When this is done', it is easier

to txouLeshoot and.identify different comItionents.

.

at*

Aut



. Phase 3 Voltage Relationship of Linear Components

Facts and PsalElp_i_Ditsl_

1. Ohm's law

2. Charateris;ics oif a 5elAies circuit

3. Ctiaracteristics of a parallA circuit.

Discussion: Ohm's law states that the value of the curr6c in a ...linear

resistor is 41rectly'pl-oportIonS1 to the atipli,ed-emf LOd

inversely proportional to the resistanc. .gattlematfeelly

this is expresg.ed As:

E

7

where I is the current in amperes, E is the applied emf in

volts and R is the resistance in ohms. -
-

This phase is concerned with the current - voltage relation-

ship of a linear resis6r: If we assume that the resistance
4

is constant, a plot of equation (1)-results in at straight

1
line which pagses through the origin and has a slope of-- on

these coordinates. This is illustrated.. In -Figure 1;

I'

Figure.1 - Plot of Eqoatlon 1.

-12-

V

Slope

:
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This .urve ,6 known asIthe vo f-ampere characteristic of the

ret i1toi. , Since Curve is a straight line, the resistor is a
I.

:!tin at device.,,Note that .for negattve values of, applied emf,

_khelmifent revcIrses but/the charactehistic curve-is still
i

tli4ar. A noainear deivicr, as one might suspect has a current-
,

,

voltage-choracterist1,é that is not, a straight line. A Lon-linear

devite will ,be disctissed in phaqe 4. Most active devices such

-/

.
:

:,11S transistors and vacuum tubes are non-linear but they do_hgve_
......_ . ._._ _ . ._ . . .._ . _..._ ..._ . _ ........

, , ,
r '

I,
..

A .1,1 regions where their-current-vgltage characterisitics ate-iinear.
4 .

Y

129ELLQ2221S19,11 Proced re:

/

1. Set up the c rcuit in Figure 2.4

15v

`4.

Figure 2 - Circuit to determine the current-voltage relation-,

ship of a resistor
e.1

2. Vary the supply voltage from -15 volts to +15 volts in 3 volt,

steps and redord the current and voltaglreadings of the,11(

ohm resistor.

3. Pibt the current versus voltage.

4. Determine the repistance from the slope of the curve.

/-
5. Measure the value of the resistor on 'the G.R. bridge and

compare with your answer in step 4.
(



es

°.

i

6. Repeat for R 3.3 IS, ohm and again for R k( 0 1

plo ihg the current-voltage. cllaracteristic of each \-e'sistor

(he same traph as 'ep 3 and compare.the 'toPearof the,
(*,

three'curves. f.

.Xlthough the foilbwing methbd is not the best uay,:th. tnle
9

linear cfttults, it Ls Very helpful in analyzing

circuits. This me0od will be utilized in the t phasv:of

this problem.. The following is a graphicfal

analyzing a network. Let us cpnsider the

cult shown below.

+1_

!!'

Figure 3 7 SiTple Series Circuit

R i.

-

R3

It is desired to determine the current flowing in this-cir-
.

cuit. Once again the analytical.method j$ the easiest way

to solve far the current, but we will solve for this circuit

by graphical methods. We can obtain the IV curve for the
t_. .

three resistances in series by the followi 1(g method. Since

the resistors are cOnnected in series the current will be the'

same in each resistor. Now from the curves pf step 6 we-take

and add voltages of the three IV.curveg for given values of

currents. This should be repeated for three more Currents.

171Connecting these points results in a straight line. This is

the composite IV curve for,the three resistors.in series.

1



6

cin is Irocedure is illtistrated in Figiire 4,

I A

A

fd`'

A!:

. /
3

,

R 2
a

R3

IS
/4*.

RT

4

FigUre 4 - Graphical mt!thod of determining Composite IV

curve for three resiators in series.

Once this composite 1V'curve is obtained we can determine_

what current will flow for a given source. E.

8. Using the three resistws ofisteps 2 and 6, and a4puPply

voltage of-10 volts, obnnect them as shown in Figure 3.

Measure Wie current which flows. From your composite IV
)

curve of che three resistors in series, determine the current

which should flowi Compare these two currents.

9. Repeat step 7 for the case whqie.the three resistors are in

-paiallel. :Note that in teis case, the. voltdge' across each

resistor the same, therefore we will hAVe to add currents
NIP

for given values of vokages in order to obtain the composite

IV'curve.
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Preparation Test:

ft

1. WHat is the,zesIstance of a piece of #18 gauge wire

fifty feet, long which alloues'Va amperes to flow when

connected to a 100 volt source?

-. -What 'current flow thrfauglra 39 kilohm resistor when 41,
. .

connected.to a 117 volt sourm?

Which of the followijc4rdinates do not fall on the volt-
!

ampere charaCteristic of a 1500 resistor?

4-225 VoltsN'150 ma h) 150 volt's @ 100 1114

c) 15 volts @ 1.5 ma - -d) 200 volts @ 133 mA

4. 'With the resPstancy held constant, as Ole voltage Increases,

the current I.

5. As the resistance 'Increass, the slope, of the volt-ampere

curve

6. Four out of five r'esistors connected in'series are as follows:

100.ohM, 680 ohm, 470 ohm, and 1000 ohm. Find the remaining

resistor if the.total voltage across all five resistors is

200 volts wjth 65.2 ma f1ow1ng through them.

ft

4

C.
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1

*

Homew(6 Exercises:

(I) 0

(2)-

(3)

Draw_ the composite urves for the following circLts.

Shgvi Wor-k.

17



Cynctpdtng. Discussion:

. t .

In-this phase, we have so1v040 a simple serqs and a simple

paraljel network using graphical,technignett. an some of the-

followjng phases, we will solvemore complex circuits with

thc use of some-theorems and applying systematic treatments.

tvrt

4-

45.

.

4

.111.11.
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Phase 4 Current-Voltage Relationship of a Nonlinear Device

AV-
.T0

1. To...obtain-IV clvtracteristics of-a nonlinear deflCe.

2. tJte the 1V characteristic curve

3. Craphlcal sautions of nonlinear circuitsa

Preliminary Dtscussion4

(ma)

Figure 1 illustrates the IV characteristic

device, the PNAIrton dioae.

A

6

5

4

3

2

1

4

A V

of a nonlinear

A

AV
ro,..=

.1 .2 .3 .4 .5 .6

Figure 1 - IV Curve qf PN junction diode.

One way of deftninga very 'useful "resistance" is, the ratio

of a small vbltage change to the corvresponding change in current.

V (volts)

This useful parameter is called thAncremental resistance. This

is illustrated in,FigUTe '1. Note that this resistance,

changes at different points along the curve.
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Laborapry atslatills-Procedure;,

1. Construct the'Circuit of Figure 2
%

Sv

4

Z,0S1

:AAA/

>

1N1693'

Figure-2 --Circuit -used to obtain -data lo-plot-IV eft-ye
-

or diode

2. The reistor R'is used to limit the current.through the

diode since excessive current may destroy the diode.

--,Vary the power supply form 0 to +5 volts ad Obtaip cor-

responding readings of diode current and-diode voltage.
I.

3. 'Plot dio de current versus diode voltage. This results-
*.

in the IV characteristic.of the PN junctlog diode. We

should.note that the PN junction diode is a temperature.-

. .

'dependent device and applying a voltage.across it as in

Figufe 2t will heat the diode. The increase in temperature

will chaQge- the diode's characteristics. Later we,will

show how to avoid this heating effect by obtaining the ,IV

characteristic withsweep-fechniques.

4. As an.application in the use of the diode IV curve, let us

consider the circuit of Figure 3.

j\AN

4

Figure 3

. Bl693-



Since.the resistance of the diode is a variatile quantity

t . *it is not easy to piEsdict by anajtical methods the current.

1, whiCh flows in the circuit of Oigure 3. It ip possible

4:f Os

to predict the value of current by graphical methods. There

are two general graphical solutions. 'These are:

1. Composite IV - Curve

2. Load - line method

The first method is as follows:

tiff

First it is-required that we have the IV characteristic of

.the diode. We then plot tpe Iv characteristic ok the resit:3-

- tor on the same plot. $ince this is a series circuit and

the current is common tip both components, we add the voltage

of the resistor to the voltage of the-diode for given values

of current. This results in a composite IV curve which

represents the resistor in series with the Aiode. This,rs

illustrated in Fii6re 4.

Diode
Resistor

Composite

Figum 4 - Illustration of holeto obt4in

Composite Curve of a Resistor in Series with

A Diode

-21- 24

V

V

OD.



If ..the value of E is xiven, we can obtain the circuit'current

by projevting up to the eomposite curve and eeding the current.
.

.Note that we can also Tick off the voltage drop across the ye-
.,

sister 44f.i across the diode.

01,*

For the circuit of Figure Aetermine the composite IV curve

of the resistor and diode. Use the IV curve from step 3.

100Q

4v

Figure 5.

For the,given supply voltage,'determine gcaphically the current

which will floVr. Conptruct the pircuit.of igure 5 ind measure

the current, the voltage drop across the 100 ohm resistor and the

. voltage drop across the diode. Compare your results with the .

1

graphical approach methods.

The second goaphical procedure', the load - line method, Is much
;

faster since we do not have to determine a eomposite IV curve.

The procedurc is ct; follows:

. It is desired as before to determine the current.and voltage

drops of Figure 5, Wrtting Kirchoff's voltake equrktiop results

in, V E - IR (1)

Where V is the drop across the diode. Solving for I in equation

. (I) and plotting this on a set'of IV coordinates results in a

$.`

6traight line. Therefore only two points are required in equaition

(1)



One point can be determined be setting:1 equal.to zero in

cquat ion (1) . Th 1* r'esults in y - E. Another 'mint on

.

the straight.11ne' is obta,pied, by setting V tO zero.

4I/V 'results in' I .celt,/R -)

9

Summarizing.,

,

Once these

I 0, V E

E/R.,. V

two paints lire located on the coordinates, they

can.be connected with a straisht line.

.N
1

Plotting this eguatien on the IV curve of the diode-result4e:

n'

41,

in a straight line Which intersects with the diode curve.

.

The.Straig4 inle is commonlY referred to.as the load line.
,

. ..,-.c- .,

ci.

Jhe poillt of inOrsectionAs known as the Q point or operat- .,

(
.1., ..,Y;s, - !,..

t.1 , yx1.,
.

...T

ingfpoit the diode current (Circuit curr&10
. *W01'

and the dio(WVolt
0

Figure 6 illustrates the above procedure.

Diode Volt4e

Figure 6 - Illustration of Load-lint.
%.

. ., . .
. .

Construct the load.line'for Figure 5 on the IV curve.of the
. 14,

diode. Determine the diode turrentand voltage drops:and

compare with the measured values.

9/..;

-23- "`. '1



Preparation Test:

Use diode eharaetorlstic curve on page 28 to solve the

. following problems.

C.

131

...1) Find I and.the voltage drops across each component in the

following circuit.)

2v

J.
100Q

251

l\AAr

2) What value of.R will allow 10 ma to flow in the following

1.5v

r ,r)

circuit?

A

4) "4i

fr



L,
Homework Exercises:

Draw the composite ctirvc!s Tor the. following circuits. Show Work

G.

:

2v

V

For the following problems, use the Curve on page 28

3) Cglculate the total resistance of the circuit at a

power supply voltage of 2 volts, after.finding the

composite curve.

0

1000
0

0

JO-

-



Solve the following circuits for current, voltage across

the diode, and voltage across the resistor by the composite

curve method and the load line method.

Compare the results:

(5)

-26-
c> 9

200C2

411,

1

4.



Conclud

4

In later work, a graphical approach as well as an'analytical

bpproach will be used to.solve trapsistor circuits.

1,
31..)

-27-

1

a

4

11,
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Ai 10
4.1

0
0

0

if

Current - Voltage Chara4eriat1e

for a Diode
I.

1111111
1111 1111111111111111141111 111

111 111101111111111 NE
1111111111M111114 11111_111

11111111111111111111111 1 NM
11111111111111111 111111111111E111111111111111
11111111111111ENE 111,011111111 1111111
1111111111111.01111111=0111111111111111111111

111=11111111161111111111111111111111111111

11111111111111111111111111111111111111111111
1111111M1111111111111111111111111111 MEMIIIIIIIIIIINIMIMMIIMIMIIIMIMIIIIIIIIIIII
r.11111111111111 111111111111111111111111

1111111111111M11111 1111111111111111

0111111111111M111 11111101111111111141111
111111111NOMEMEINEIMMINEM

NIP 11111111MMIMINIMMIN
0.5 1.0

Voltage (volts)

-28- 31

1.5 2.0



4.

Phase 5 Series Circuits

Facts and.peinciples to be learned in this phase.

1. The current is the 'same through any-component in a series circuit.

2. In a series circuit the sum of the voltage'drops is equal to the

applied voltage.

3. The total resistance in a series circuit is equal to the sum of all

the resistors.

fitlIgaRry DiscUssion

A serieS circuit is defined as one in which the current is the same at

any point in the circuit. Let us consider the series circuit illustrated

in Figure 1:

I

-RI

Vi

R2
vvv-

.I.

V2

R3
--vvv\--*

+ -
-1;4- V3 ----)I

Figure 1 - Series Circuit

The voltage drop across each resistor can .be computed from Ohm's law aq

V1 IRj. (17)

V2 0. 1R2 (2)

V3 .0 1R3 .

4
The sum of these three voltage drops mist equal the applied voltage E.

Therefore

E V1 + V2 + V3. (4)

Substituting equations (1), (2), and (3) 1..nto (4) yields,-

E IR1 1R3



Factoring

E I (RI + R2,+ R3) (5)

Divping both sides of equation (5) by I yields

Ri + R2 + R3

This ratic, (the applied voltage diviaed by the current) is the equivalent

- resistance which the source sees. Therefore the total resistance which is

seen by the source is Ri + R2 + R3.
a

In general, for N resistors In vries the total resistance RT, is

f

(6)

"Laboratory Operation Procedure:

I. MeaSure, on an ohmmeter and on a G. R. Impedance Bridge, the values

of the three .following resistors; 56 ohm, 120 ohm, and 330 ohm.

2. Connect the three resistors in series, as shown in Figure 2, and

with,an ohmmeter and G; R. Bridge measure the resistance between

points A and B.

V

56S-2 1200 3*2

A

Figure 2 - Three Resistors Connected in Series

3. To the circuit of Figure 2, apply 10 volEs between points A...and B

and measure the current which flows. Also measure Vi, V2 and V3.

Does E Vl + V2 + V3?



25.

A

560
VI

k

V2 1200lOv

, 33oa
v 3

#

y

Figute 3 - Voltmeter Ammeter Method of Obtaining Resistance

Take the ratio of the applied voltage to the current flowing, I

This gives the total resistance offered by this circuit. ,S

ip
4. Calculate the total resistance in the circuit of Figure 3 using

equation (6).

4

5. Compare the resistance of.the series circuit obtained by the Ohmmetel-,

the Bridge, the Ammeter - Voltmeter method and the calculated value,

-31- 34
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17.4

Phase

Preparation Test.

Series Circuit

taw

1. What voltage must IAPPlaptilrOrtkO. the following cirocdit for the

resistive network eo draw 6.25 ma from the battery?

1K

6.25 ma

2. Determine the value of Rx for the conditions of the-following

30v

circuit.

2.2K

.V01

4.7K

1.83 ma

3 2
r4t, C;

> Rx

I k,



vet'

3. If /3 of the applied volt4e is dropped across Ri spa the remaining

voltage J.'s dropped across R2.

a) Express E in terms of I, Ri, and R2.

b) Express R2 in terms of E and I.

p.

<

4. Express the voltage across each resistor in terms of E, Rr, and R2.

4

-33-

112
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Phase 5 Series Cycult

Homework Exercises

1. Determine RI, R2, R3 in the.circuit shown below, if the following

conditions extsp: IT 150-ma, V1 25 volts, V2 60 volts,

- V3 15 volts.

V.

**

V3

R3

A

' 2. What is the value of R2 in the following circuit?

1$0v

Ri
,Aiv
3.3K

Pk
R2

25 ma

-34- 3

R3

6800

.0

t04.
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'

3; Complete the following table for the circuit shown below.

:44

1R1

112 200Q

1.

R3 50 ma

3 v

--r

A



aris22.. ding,. Discussion:

In a series circuit the voltage drop across a given resistor is directly

proportional to that resistance. Although series. circuits are seldom

encountered in practice, it is essential.that the technician learn about it

before proceeding to more complex circuits.

.4a

fl

A

t_ 7

. 39
36



Phase 6 Parallel Circuit4,

1-

Facts and principles to. be learned in this phase

1. In a parallel.circuit, the voltage across ea,ch component is the same.

:2. The sum of the branch currents is equal to the total current entering'

the parallel network.

The total resistance effe_resd _by parallel-networkis -given-by

for-n branches,

4.

. Preliminary Discussion:-

A parallel circuit is defined as one in which the voltage is common to

all the _branches in the circuit. Let us.consider the simple parallel

circuit of Figure 1.

E.

IT

. . Figure 1 - Parallel Circuit
.

q
.

.

c..

Since the Voltage is the same Across eath resistor, the branch"currents are

6E (1)R1

E
12

, (2)Rz

E
.2 1.13

-37-
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4.

A

-- c

The total current (IT)., provided by ihe battery is equal to the sum of

the three branch currents: Thisgis expressed as,

r' + 12 + 13

Substltuting equations b.), (2),

Factorins

.(4)

and (3)'into (4) yields equation (5).

(5)
E

Rl R2 R3

IT E

Solving for -iTc yields

R1 R2 K3

E _1

Ri R2 R3

(6)

9
Thus the totaj opposition (resistance) offered by this parallel circuit is,

1
'04

RT
(8)

Rf R2 R3

or putting equsition s( 8 nto the form below,

(

P.2,11221:-Atcla OperWon Procedure:

(9)

1. Use the same three resistors as Phase 5 and connect them in

parallel. .4

,-.J

.,...-z2. Determine tile resistance by the four, methods that we psed in Phase 5,

hnd compare. 4.

3. Construct the circuit 'of Figure 2 and.measure the branch cPrrens and
4.

total current. Does alT Ii + 12 +
IT .

1 1:

2v sfi1
1

1.1
I

IN-

,44

Figure 2

-38-
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Phqse 6
rAt.g.91191..P.DS.01.9..

Ere:p.seuitin test:

1. What is the total resistance seen by the battery in the following

circuit?

? 1000 $ 2200

2. What current is delivered by the battery in the fol1awing circuit?

1507 2.2K

4 I 2
-39--

t



3. What is the current in each branch of the following circuit?

9 ma

01

'EA.?

V.

.4441-

R2

e,

S.

*es,

. 4. a) ExpreSs the current, through It], in terms of IT,.R1, and R2.

b). Express R2'ih terms of Ii, 12, and R1-

1
E

IT

ro

(3
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Phase 6 Parallel Circuits

Homework Excercises

1. What current is delivered by the Tiattery in the following circuit?

100v

k

250Q 2K
<

2. What is the value of R2 in the following circuit?

2.50;°.

500 ma

50 ma t.

a

I.

A 4
-41-

<`..?.. R2

-

R3

1250P
ik

A

(
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3. Complete the following table for the circuit shown below.

2O0v

Ri

R2

1

\L

.1

30 ma

5K 200v

-2K

15 ma

-6,



""°0 °°, -7-A,

0

W 0

ConcludinR Discussion:

44-

4

lt should be concluded that the total current:in a parallel circuit

is equal to the sum of the individual.branch carrents.

a

-43- 1
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Phase 7 Power

Facts and principles to be learned to this phase

1. Concept of power

004-

2. Power developed in a component is equal to the product of current

and voltage.

3. Power dissipated by a' device is actually the transformation of

'electrical apergy into heat energy.

Preliminayy Discussion:

One'of the most important quantities which one is concerned with is

the power that a component or device is able to dissipate. Thus it isorital

that an engineering technitian be able to make power measurements and

calculations.

.PIAS11

a

Energy is the ability to do wprk. The basic unit forfnergy in the

MKS system, is the'jou1e; Power, having the watt as its basic unit, is the

rate of doing work. One watt of power is'developed when energy is expended

at the rate of 1 joule per secohd. The power developed in a resistive circuit .

4

is given by the expression,

P (1)

To prove that power has the watt for its unit, let us perform dimensional

analysis on equation (1).

A '

-44-
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Since the.basic definitions of the volt and.the ampere are,

then

A tOUlewat
7 coulomb

coulomb
Ampere

second ,

ioule coulomb LouiePflExl x
coulomb second sec.

and from the above, a joule per second is A watt.

In general, the power developed in a resistor is given by equation (1).

Pr.ExI (1)

and since ,from ohm's law

0
then it follows that

4_

and also

E IR

P IR'x I 12R (2)

-(3)

Therefore we'have three expressions for the power dissipated in, a resistor..

The power dissipated by a resistor or a device is actually the transformation

of electrical energy into heat energy. AB power is dissipated in a component

or a device, 1-)eat is given off to the surrounding air. If the component

er device develops heat more rapidly than it can give it off, the temperatu e

of the component er device will rise to a value such that a balance is

achieved& If the temperature is at too high a value, the component or device

may be destroyed or its characteristics may be changed. It therefore seems

logical that the physical size of the component ok device hd4 a lot$o do

with its power rating, and in general, the greater its physical size the

greater will be its power rating.

-45-

4.

4

_



1.2.9saory Operation Procedurec

A

I in

10K
ir,/\
Ri

Ein(22K

R3

Figure 1

4.7K.

1. Obtain and measure the value of the four resistors indicated in

Figure 1.

2. Using these values calculate current through and voltage across

each resistor.

3. Calculate the power dissipated in each resistor, and the total power.

4. Set up the circuit in Figure 1.

5. Measure and record the voltage drops across each resistor using

one voltmeter.

6. Measure and record the current flowing through each resistor using

one ammeter.

7. Measure line voltage and line current.

8. Calculate power developed in each resistor and the total power

supplied.

9. Compare the theoretical with the actual results.

A.

A
-46-



Phaee 7 Power

?tzlpjgAaoa Teak :

150v

.1

1. What voltage must be connested to a 4700 resistor so that

1.2 watts are dissipa

A

d?

2. What current flows through and 820 ohm resistor which dissipates

1 watt of power?

3. What must the power rating be of a 12 kilohm resistor connected

LI across a 50 volt source? At?

"as

1

4. Whatci_s_ the power dissipated by each resistor in the following

circuit?

3.3K 39K

Ri R2

R3S6K
114

6.8K



4

5. What_ia the maximum voltage that can be applied to the following

circuit:so that none of the power ratinga are exceeded?

2.2K @ lOw
Wj-

10K @ 2w

5
-48-

e.

/

P



.6

.

Phage 7

Homework E?tceFaises:

(riby each reiistor in the following circuits.'

L'oHtt

%s

-

Calculate the voltage across, current through, and power dissipated

1.

100v

2.

250v

R3.

AAA/
3.3K

-

12K 10K .

Ri

5.6K

R3 ,R4

-

R <; 560Q

5.6K
5.6K

R5

4

ies



0

3. Complete the following,table for the circuit shown balow. Wht

is the battery voltage?

R

Ri 22K

R2

R3

E

124

3. 3K

7.5me

2.5ma

2.5vi

-50-
,

0 . *
S. '6 V k

4



concluding Discussion:

Later, when one is designing an amplifier, we will see that powei

calculations will-1140e to be made so that the transistor is not damaged

or destroyed.

a

t.

r-

a

a

p.

A
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Phase..8

41.

Facts and principles to be learned in this phase

1. Internal resistance of power supply must be cmnsidere'd in any

calculations.

2. Maximum power transfer occurs when lod is matched to internal

.,
resistance of power sgpply.

._ __ __
. Two laboratory procedures.for determining internal resistance.

Preliminary Discussion':

Every practical generator has an internal resistance. 'As current is

drawn from'the generator the terminal-voltage of the)generator drops due

to the drop across the internal resistance. In addition to causing the

terminal'voltage to drop as current is drawn from the source, the internal

resistance places an upper limit on the Tmtrent which the generator can

deliver and therefore there is a limit to the power which a generator can

deliver. This phase is concerne th the Principle of Maximum Power

Transfer.

Discupsion:-

. 0

An equivalent,circuit fol a practical generator cbns440:4d.an deal

source in series with a'res tance (Rx). An ideaLsource is a OP4rce capable
4".

of developing a constant voltageat any qurre nt. -The resistOpe,.R.IE Ikthe

internal resistance of the source. A s'che.matic for this equ aient,circuit

.-52-

e

'?

-

3



1

is shown in Figure 1.

Ideal

Source

S.

t')

Generator

Terminals

11

Figure 1 - Equivalent Circuit for a Prac;ical Generatbr
.

In order to determine the effect of connecting diff ent load resistances
_

to a'practical generator, let us consider Figure 2.

Figure 2

Lev us determine the power delivered to the load RL.

PL IL2RL

but

I = .

RL + Rx '

hence

( 1 )

E2RL
= 5717.7152., (2)

We will now proceed to determine the value of RL whichwill dissipate the

largest amount of power.

To normalize equation (2), divide numeratoi and denoMinator by R.

This results in equation (3)

t)

,



/ )

R

RL
E

Rx
2

Rx

(3)

Table I contains data which was calculated using equation (3)

0

0 222E2

2.0

.25E2 .24E2 0.222E2

2.5 3.0

0.204E2 0.1875E2 .173E2

3.5 4.0

Table I - Valdes of PL for Various Values of RL/R

Plotting the information in Table I results in the curve shown

PL

0.25E2

RL'Figure 3 - Plot of PL versus /Rx

ure 3.

From Figure 3, we see that maximuMipower is,delivered to the load, when

RL
1, or when RL = Rx. Therefore in general when Rx is'fixed at some value,Rx

maximum power will be transferred to a load when we choose a load equal to

the internal resistance of the generator. When this is done, the terminal
)4's

voltage of the generator becomes one-half of its open circuit voltage6and

the load current becomes one-half of the short circuit currentr

Having established this, we can also,use this procedure to determine

the internal resistance of a given source.



-

1Ataultmr. Ov..ration Procedure:

The internal,resistance of the Wentworth Power Supply will be determined

by two methods.

Method 1:

Set the.power supply at 100 volts, (open circuit). Attach a potentiometer

across the P.S. and vary it until one-half, (50 volts), appears acroEis the

potentiometer. Disconnec and measure the resistance of-the potentiometer.

This is the value of R.

ibithod 1:

Set the Wentworth P.S. at 100 volts with no load (inffhite RL). Using

the circuit of Figure 2, vary RL in reasonable steps and record the voltage

across the load and current through the load. Insure that RL has a

sufficient wattage rating. Repeat for the Power Supply set at 200 d 300

volts (no,-load). Plot the-load voltage versus load current on graph paper.

This will result in a family of curves himilar to the ones shown in Figure 4,

_

(95v 30 ma)

0 10 20 30 . 40

. Load Current: (ma)

Figure 4 - Plot of Load Voltage.yersus Load Current

50



The nternal resistance of the power supply can be determined from these

curved in the following.manner.. Suppose we wish to determine the internal

resistance of the power supply at 95v and 30ma. With no load the voltage

is 100 volts. When the load is drawing 30ma, the voltage has dropped to

95 volt Therefore the drop across the'internal resistance In 5 volts and

the internal resistance has a value of 5 volts divided by 30Ma or,

5v

Rx 0.93ma
167 oltims.

o

We see that Rx can be determined.by taking the slope of the VI,curve,

Using the 100 volt curve, obtain the internal resistance at aPproximately

75ma by taking the slope of the curve.

Mt

-56-



. Preparation Test

Maximum Power Transfer

a

1. If the-Internal resistance of a 250 volt (oven circuit) power supply

. is 300 ohm, what is the voltage across a 10 kijohm load when

connected across is?

4.

2. If a power supply has a terminal voltage of 24 volts when a 50 ohm

load is connected across it, what is the internal resistance and

open circuit voltage of the power supply if the terminal voltage

is 23 volts with a 250 load connected across it?

3. For the following circuit, determine thNnput power, the output

power, the efficiency, and the load resistance to give maximum

power transfer.

5000

I.

\` 10K

Power SupPly

0

-57-

4K 4K

Load

1114
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Phase' 8

Homework Exercises:

Makimum Power Transfer so.

1. A battery has a.terminal voltage of 100 volts when a 2 amp current

is drawn from it. When the load is decreased so that a three amp

current flows, the terminal voltage is 98 volts. What Is the internal

resistance o-f the battery?

2. What value of Rx, in the'following circuit will give maximum

power transfer?

f

Power Supply

-58-

Load,
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ct

conc1LD n Diicyssion:

The maximum.power theorem will be very valuable in the design of

power amplifiers. We Ttrill now proceed to solve more complex circuits

with the use,of loop and nodal equations.



Phase 9 Loo

Facts and principles to be learned in this phase.

1. Electrical circuits can readily be analyzed by either loop analysis

or nodal analysis.

2. Any circuit may be analyzed by either method, but one or the other

may save work for a given network.

Prelipinary Discussion:

Passive electrical circuits are made up of resisters, iaducters, and

capacitors connected in some fashion and excited by sources of energy. In

analyzing an electric circuit, it is usually necessary to determine the

branch currents and branch voltages when the sources and component values

are known. Electrical circuits can readily be analyzed_by either of two

systematic treatments:

A. loqp analysis

B. sloaLmitantE

Any given circuit may be analyzed by either method, but one or the other may

save work for a-given network-.

Both of these methods will be applied in this problem.

In order to solve a network, we must in general satisfy Kirchhoff's
c

oltage Lavit\J, Kirchhoff's Cutrent Laws, and the current-voltage relation.o
)
each component.

The two Kirchhoff's laws dre stated as follows:



A. Kirchhoff's VOltage Law - The algebraic sum of vol es around any

closed 14 of a cir'cuit, is zero.

B. Kirchhoff's Current Law - The algebraic suM of current flowing ink()

any node of a circuit is zero.

461 an example, lot us consider the simple circuit in Figure 1.

Il
V1 A V2 12 .___3 + - <---

+
Ri

i3
R2

,+

1

.

R3

Figure 1 - Simple Circuit to be Analyzed

by the Loop and Nodal Methods

In the diagram we have defined six variables, a voltage and current for _each
r

resistor. Thus we need six independent equatidns in order to solve for

these variables. a

As stated earlier, we must in general satisfy Kirchhoff's Voltage Ilaw,

Kirchhoff's Curreht Law, and component relations. By inspection the 6wo

, _KV'. equations are;

V1 + V3

E2 V2 + V3

-Note that applying KVL around the outer loop yields,

4
El E2 V1 - V2

(1)

(2)

This does not give anyledded information since this equation can be obtained

ilkby subtracting equation 2 from equation 1.

Now applying KCL at node A yields, _

-I- 12 '* 13 (3)



,

Alao note that applying KCL at the ) other node, (gfound node), does not yield

a different eqUation.

The three component relations are;

V1 * Ilk (4)

V2 ' 12R2 (5)

V3 ... I3R3 (6).

We now have six equations with six unknowns. Solving these six equations

simultaneously will solve the circuit. We can save ourselves a lot of work

if we define_ihe variables in a somewhat-differentoay that above. Let us-
-,

firet tonsider eolving the above network by the loon analysts method.

Instead of defininit six unknowns, let us define two loop currents as shown

in Figure 2.

El

Figure 2 - Circuit of Figure 1 With Assigned Loop Curreilits ,

Theselloop currehts automatically satisfy KCL equations. This is readily

seen by summing the currents floWing into node A,

Ii -I2+I2Il0
thus KCL is satisfied.

Now we need only write

7 and 8.

i4

/

around both loops resulting in equations

(7)El = 101 + 11R3 12R3

-E2 = -11R3 + 12R3 + 12R2 (8)

Where we have introduced the component relations directly 'into KVL equations

as we went along.



4

Combining like terms in equations 7 and 8 results in,

El 11 (Rl + R3) 12R3

-E2 -11R3 + 12 (R2 + 1(3)

(9)

(10)

Now solving equations 9 and 10 simultaneously yields I and 12. Using..the

components relations, we can find the voltage'drop across each resistor.

Note that we arbitrarily assumed the direction of I and 12. A negative

11 or I2'simply means that we were wrong in our assumption and the current

is actually flowing in Fhe opposite.direction to that assumed.

The anal for this circuit is as follows:

First we define a datum (reference) node and define each unknown ncee

voltage with respect to the datum node. These voltages will automatically.

satisfy KVL. This can easily be seen from our example:

E1

VA VB
-.AAP- 0-

Ri R2

10;n3

Datum-

Figure 3 - Circuit of Figure I to. be Analyzed by Nodal Analysis

VA - (VA 7 VB) VB 0

We now need only write KCL equation at each node, in terms,of component

equations using the voltage variables already defined. This method

results in only one equation (11).

V8 VB - El VB E2
Ri R2

0 (11)

After this equation is solved for the one unknown (VB), we, can then use

the component relations.to solve the rest of the network. Note that for

this particular circuit, the nodal method gave the easier solution since 'we

had to only solve one equation. This is not always so. And as.example

Ct;



7

ai
A 0.

. \ "A,
4.I d *,

&N
a ;

a ) q.
V A

let us consider the circuit in Figure 4. We wi1l,bo1ve,LW4tht vrre t

-
in the 6o ohm resistor by both methpds.

4.

. 40 80

i $
I

11

60 , 150v 4.,-,-;--. j
....

_I

4, -12-

. Figure 4 - Circuit to be Solved by Loop Analysis

We have defined two loop currents I and 12 as shown. The currents are

defined in this manner so that we need only solve for Ii in order to

obtain the current through the sixty ohm resistor.

Tracing around both loops, we obtain ?he following two equational

Combining like terms,

4

100 Il (40) :1---11 (60) + 12 (40) -(12)

100 - 150 :II]. (40) + 12 (40) + 12 (80) (13)

100.., II (100) 12 (40) -(14)j

-50 11 (40) 4- 12 (m) (15)

Solving-these tL equations simdltaneously forgIl results in-

rn 1.348 amps.
1

We wfll now solve.for the current through the 60 ohm resistqy be nodal

..,

analysid. Subming the currents at.node A results in,

VA - 100 VA VA - 150
(16)

40 60 80

Solving for VA results in

VA u.`80.9 volts

The current through the 60 ohm.resistor is then.

4.0

VA 80 9
x* 1.348 sips.

$0 60

--, 264-

6 7

a
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Laboratory Operation r,rocedure;
, .

Fdr the following circuits,

1. Solve for the currents and voltages designated )y.

(a) ,loop analysis and

(b) nodal analysis.

,

.2. Determine the'value of/the resistors on the G.R. bridge.

3. Set up each circuit and measure the currents and voltages of

each resistor.

4. Compare the theoretical results with the experimental results

Nuid determAne the % error,

25v

25

I _

2.2K R
1^

2.7K -3.3K
vvv\

K2 R3

.114 1K

3.9K 4.7K
--v\\2\

R5 R6

20v

1, 14 3.9K
2.2K

1 Ri 1K
R3

R 2

546K

I 4

_

R5

41,

p.
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Ess.21.9..aition Test:

4

Vt.

1. Make the flecesSary corrections in the loop equations for the following

El

E2

circuit.

Ri ttl"

rt,

18'3- 1

I C- E 3

R2

I 2 !

-E -E3 = 4 (R1 + R3) + 12 R3

26

E5 = -Il (R3) + 12 (112 + R3 + R4) -13 (R5) -15 (R4)

E6 = -12 (R5).+ 13 (R5 + R6) -15 (E6)

E2 +*E3.-E4 = 14 (R74 R8) -15 (R7)

E4 E5 + E6 =2 -12 (R4) + 14 (R7) 15 (R4 + R7 + R9

Pt

69
-66-

%.2

,

a
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r

2. Make the necessary corrections in the nodal d4uations for the

R1

1

following circuit.

-7

E1

R3

A

6

1 VA -El VA -E2 VA -VB
0Rl + R2 R3 R4

VB -VA

R4

VB -Ve

R6

VB -E3 VB 71- Vc

R5 R6

Vc -E4 Vc
+.

R7 R8

70

-67-

0
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Phase 9

Homework Exeuises:

For the following 5ircuits, solve for the currek through and the

voltage across each resfstor by:

A. loop analysis

B. nodal analysis.

1.

25v

2.

25v

5.6K

27K

5: 8.2K

50v

15v

4.7K

AA..1\ -

2.2K-

12K

18K , 22K

1K

10K
1.

10v

-68- 71

8.2K

-777- letv

6.8K

4



Phase 9 lep2kAr12,1

-Conct4aing Discussion:

The two systematic treatments for solving electrical networkb, namely

loop analysis and nodal analysis are very valuable when analyzing complex

circuits.

In sfte of the later phases we will Introduce some theorems, such as

NoeEon's, and Thevenin's.

complex circui/s.

These theorems are also useful fok. analyzing

0



Phase'll) Thevenin's,Theorem

Facts and princip es tR be learned in this phase.

1. Application of Thevenin's Theorem.

,12".9.1.11,ani_isi Discussion:

in 'many cases, a network can be analyzed more easily by applying some

network theorems. These theorems are general statements some of which are

applicable to all possible networks and Others are restricted to networks

of a limited class. Thevenin's, Norton!s, and the Superposition theorems

will be discussed and applied in ,thia problem. They will be given without

proof. 'This theorem states that a network which feeds a load RL'be ves,

as far as the load is concerned, as a single voltage source in seriee ith

a single resistor. Considerethe network illustrated in Figure 1. The

network in the box can be simplified by Thevenin's Theorem to a voltage

source (ETH) in series with a resistance (RTH).

4

lesistors

IL

Network contain-

ing Sources an4 RL

A General Network

ta

Thevenin Equivalent

I.

Figure 1 - General Network Simplified by Thevenin s Theorem

The Thevenin equivalent source (ETH) i6 obfained by-de
It

ermining the open'.

circuit.voltage at the t;rminals of the original network. The Thevenin.



\......_........ - ,....,..-..... ......_ --,. .-. ....---- .: _.

equivalent resistance (kip is obtained by determining the resistance looking

back into the network with all the sources set to zero. As an, example,

suppose we consider the network shown in Figure 2. It là desired to

determine t e current in the 4 ohm resisrer. This calculation can be
4,

simplified by-reducing the circuit to the left of points A B to its

Thevenin equivalent, i.e. a single ideal sourç4 and a'single resistance.

2
\

. A

Network to be Analyzed by

Thevenits Theorem

Figure 2'
-tr

The first step in applying Thevenin's theckre; is to"determine.the open

circuit voltage at points A B. With-the aid of Figure 3 the°open circuit

voltage is as follows:

3v

-NAN\

1 11.7

15v

Figure 3

Solving for the current I,.yields

A
-o

15 -3 12

55

Eoc +15 x 2 = 15. -4.8 10.2. volts .

74 e



C-4:1;)determine the thevenin resistance, we look into terminals A and B and

440

.set all sources to zero. his results in Figure 4.

2

)

Figure - Circuit to Determine Thevenin Resistance

,Thus the Thevenin resistance is,

RTB " 3 + 2 '
6

5

Therefore the circuit to the left of points A - B can be replaced by

Thevenin's equivalent circuit consisting of ak0.2v source in serieS with

a 1.2 ohm resistor. This is illustrated in Figure 5.

1%2

10.2v

[

A

4

Figure 5 -; Simplified Circuit after Applying

Thevenin's Theorem

The current through the 4 ohm resistor is then

10.2

5.2
= 1.96 A

As c,.an be seen the original network is simplified to a single loop circuit.

I.



Phase 10 ThevcInin's Theorem

Laboratory Operation Procedure:

Determine 1K for the three circuits below by applying Thevenin's Theorem

ai the indicated points.

Construct each circuit and measure 1K.

20

4

4.7K 4.7KVW

10

F

J

120

8.2K

56K

I.
39K

6 aK

1

_

2.2K

3.3K

20

IK



Phaae 10

EL222SP.117212. Test:

16v

laujuILAILL11,121E0.

Find the Thevenin's Equiveatnt Circuit for the circuits shown below.

10i2 551 5Q
A

-vV\,

-; 100QS 10Q 10Q

1

,..,

20Q A 100Q B 40S2
0

'N. Ar

I

, ,, ,, , ,

L

\AA/,--

. 1

'.. 30st -: 200 ':: 609.

lOv 1 1

1 _
20v lOv 20v

100Q
30v

100.



a

nape 10 Thevenin's Theorem

Momapili E s :

In the following networks, solve for IK by applying Thevenin's

Theerem at points A - B.

10

8

4,
------ 14-

20

40

20

20 :

5

10K

30 B
,\A",

IK
10

a 50
vv
IK

3 8

>

10K

X
a

!

.25K 50K
1K V

tb

4

20

0
150 ,

a

dr.

b 1

20 .



Phaae 10 ntus_nistcamti

Concluding. pl...ecua_al...m:

Application of Thevenin's theorem to any complex networks generally

simplifies the netwjrk to a Much_simpler circuit. Although the cirplit could

be 8,olved by loop or nodal analysis, it is sometimes easier to solve he

network by applying_Thevo.nin's theorem. The_next_phase_will_deal_with

Norton's theorem another simplifying theorem.

SM

0

-76-



Phase 11/ Norton's Theorem
4,0

Facts and principles to be learned -from this phase.

.1. Application of Norton's theorem.

Preliminaryralitaision:

Norton's Theorem replaces a given network with a constant current source

in parallel with a single resistor.

Consdder the netWork of Figure lA once again. This is repeated in

Figure lA with the Norton Equivalent illustrated in Figure 1B.

--1
Network

containing

;Sources and

, Resistors
1

Figure lA

'SC A) RN

..

IL

Figure 1B - Norton Equivalent Circuit.

kThe value of the 'current source is obtained by placing a shorOacross

terminals A B and measuring the short circuit current (Igc) that flOws.

The parallel resistance is the same resistance that was determined for

Thevenins equivalent circuit. As an example, let us consider the same'

circuit which was analy'zed by Thevenin's theorem.



3

2

ivvy

15

Figur 2

The first step in our procedure is to determine the short circuit current

(ISC) which flows.after we short terMinals A - B. This is illustrated

inTigure 3.

3-

2

15

A

j Ise

Figure 3 - Circuit to Determine 1SC

Writing the two loop equations yields

(3 - 15) .23 I (5)

(15) =. 11 (2)-+

-42 511 - 212

15 -211 + 212 7.

- 12 (2)

12 (2)

Solving for'I2 by determinant$

-12
2 15 -15 -24 51
5 -2 10 -4 6

-2 2

(J)

17

2

1



a

tIr ,

'ThepeZ)re

17
1SC'' 12 " y

iilltTo de"erMine the Norton fesistance, at, set the voltage sources to zero.

Tli circuit then resOls in i

2

Fguri 4

Solving for RN yiglds, as before

3 (2) 6
RN ' 3 + 2 '

5

This results in the Norton equivalent circuit shown in Figure 5,

f A

4

Figure 5 0
.

Now applying the-cur'rent divider expx'ssion results in

6

5 x 17 fo, 1.96 as befor
2

P

82
-79-

is

1
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T

.

.to

Atau Operation Procedure:

8.2K
- .

4.7K.
a

-

6.8K0> 5.6K

10v 20v- -

I H.7

ILI 15K

b

1. Determine%IL by applying Norton's Theorem.

2. Construct the circuit and measure IL.

3. Short the 15K resistor and measure ISC.
Sot

a4. Open the circuit at points ik-and B aneMeasure the- voltage EOC.

5. The Thevenin listance is equal to

E0t
RN gm

1SCt

6. Coastruct the Norton equivalent circuit and measure .11,-

Note, that in ord o constrUct the Norton equivalent circuit, we-

need a constant current,geilerator. We can.build one if we place in series

with 0 voltage source a very lafge resistor.compared to the other.resistOFs

in the circuit. In this casse the Qurrent drawn is not dependent on the

rest on the ctrcuit.

:.

Y4

I' ..,

.o

.

83
-80- 0

9

I

?cs

*.

I.
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'Phase 11 Norton's Theorem

.EIR.P..41ALL92 Test:

A

1. Change the following Thevenin's Equivalent Circuit to.a Norton's

Equivalent Circuit.

67.2v

L.

29.6K

-AAA,

A

4

2. Find the Norton's EquiValent Circuit for the'circuit shown belOw,

".'

15Q

A'10v e 15Q .510R . [ . 25Q

%

I

4

9

S.4

1 +

12v

4



a

4

Phase 11 Nort9u's The9rem

Homework Exercises:

Find the Norton's Equivalent C.ircuit for tWfollowing circuits.

50S-2

2.

100

5v

"

-24v

25Q

30Q

1

'201

10Q

.25Q
A

-AAA

100Q

14Q , 35Q 600

40v 15v 10v

1.

.85
82



c

it

Phase 11 -Norton's Theorem a

ConclUdi,,ng Discussion:

As seen Norton's theorem simplifies a complex network into a simple

civcuit. The simple circuit.can then be readily ailalyied. In general the

parameter being sought usually dictates which theorem (Thevenin's or

Norton's) givgs the quickest results.

436'

7

1.

4

0 0,

41'
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Phase 12 ,
, r_22.81,11,2.0.

%..e :

Facts 4nd principles to be learned from _this phase.

1. Application of Superposition theorem.

Preliminary plAcussioa:

A

It is possible to solve a network which contains Mort tHan one souree

of tMF by applyifti the superposition th6orem.% When applying this theorem
"-_O

1 J

to a network it is pessible to avoicf Jthesimulfaneous solution of.KirchoWs.

Y.Discustion,:.

-

v---

The superpositibn theorem statethat the cdrrent 'in,any-branch of

network is the algebraic sum of the currents separate* produced by each

source of EMF,

If a-network has More than one source of EMF, the branch currents may

be determined by considering one source of EMF at a time..: The sources of

EMF that are not being conSidered are Shorted an4d teplaced by their internal

resistance. Let us consider the same example as before. Th'e circuit is

repeated in Figure 1.

:3

2

4

15,

Figure 1

1,

.

-4

,e



1

11

.r
The voltage drop across the:.parallel combination,

..,,
A A4 .,

Once aisin it.is destred to 6,Aermine the current.IL.
,

A: .
'L

'14

Our ftrst eater; is .tb set the.15 volt source to ero. This results in...

Figure 2.

1

Figures2

+kr

4

not:, solve for.the current which flows due to the three volt.sOurce. 2.

The parallel,combination of the ,two and four ohm resistor is,

8
Rp'. 103 ohms.

2, 4- 7 6

The loop current is,
.

lW/ 23+.1.33 51 43.33 °693-61P8'

Vp O.69a (1,33) L. 0.924 volts

Therefore the current through the 4 ohm.resistor is

' VP 0.924ILI = = 0.23 amps.
u

In a similar manner now, we'set the 3 volt Source io zero and again-Wive

for t..he current through the 4 o m resistor due to the 15 volt source..

This results tn Figure 3,

44

u, 11].

a.

004

11.



a

a

Figure 3 - Setting the 3 Volt'Sourcelio Zero

The,gircuit in'Figure 3 can be simplified to the circuit shown in Figure 4.

3 -

I

4

7 Figure 4

We.can oombine the .3 and. 4 ohm resistor since they are in paralliq.a ,,
1' 3 4 12

1.72 ohms
3 71-Je

Combining thdse iwo results in the circuit shown below.

z .

Mee

k'Rp

t\r'
. 1.72 I.

a

I.

Figurse 5

The circuit curreht is therefore

15
4.03

2 4- 1.72 -

,4
Thevoltage drop across the parallel combihafion is

f

,

Vp 4.03 (1.14) . 6.9 'Volts.

.4

-*.
" 6

41-Ta;,V61

; . g.

p .
..

ft

4

a .4.

;

":a



ito

4.4

Therefore the current through the 4 ohm resistor is

6.9
11,2 1.73 amps. (

The total current through the 4 ohm resistor is now,

11, 1.73 + .23- 1.96

Thus we have solved.for the circuit of Figure 1 by three different methods,

Thevenin's, Nortons and the Superposition Theorem. Usually one of the

theoX1Us ys.imp1iLy the_.circuit more- -than -the-- others.- --With--experience---one---

can tell which theorem simplifies the network more than the others.

Laboratory pperation Pr. 'edure:

1.

1, .For each of tie circuits below, determine by,the,Superposition

Theorem 1K.

.

Construct each circuit and measure K Compare with the vaTue

determined in step 1.

8v

?qv

I.

6.BK 8.2K

1.01(

Filiure (A)

I

4

' 27K
8. ,

1fflt

10v N

6v
-.1

0, .Ffgure (b)n
,.

-4

41, .

6



Phase 12 Superposition Theorem

Preparation lest:

Solve for 1K in the following circuits by Superposition.

1.

82K

100v

12K 1KI, 10K

18K

27K

47K

s

150v

Assume two'different battery voltages for problem 2.

8.2K

1.2K
,

1

02.2K

680Q

=AAA, i

5K

IK

t,

a

e I

a

1K

3.3K f

Ify

°

;
I.

LIP



Phspe

Hewlework Exercises:

4

Solve.for IK In each of the following circuiVs by uSe of the

Superposition Theorem.

1.

30v 16-

--c

10K 10K
\ /

20K . I+ 50v

1

5K

Figure (a)

8K t\
4v

_

Figure .(b)

4

eo

Solve for'eo -also

-89- .92

/..
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Phase 12

Conqludtm piscussion:

St_giesiinatj.c.211aelmeju
4r

LI

When applying the Superposition thearem, it is esbential that'the

internal resistance of every power supply be included. Thevenin's,

Norton's and the Superposition theorem will be applied in the final.Tha)3e

of this problem.

."4

as

a

v
--90-

4'

a



v

Phase 13
%

°Voq_asgs_pividers

Facts,and principles to be learned from this phase.

ark

1. Characteristics and application of a voltage divider.

Preliminary Discussion:

.

In partically all electronic systems various voltages are usually

required at different point in the system. The mo\s practical method of

obtaining these various voltages is with the use of a\oltage divider.

\\
network.

A simple voltaAe dtvider network consist,s of,two resistors in- series.

As an introductory'example let us analyze the simple voltage divider

shown in Figure 1.

t 1

VL 20RL

Ugure 1 -.Simple Voltag Divider )

Suppose a 100 volt suf;4y,is available and it is 'required to hdve .20 volts-

across a load SL. For the simple case, we will assume that RL is ery

large compared to it2so that It does got load down the voltage divider,

I.e., assume that RL draws negligible current. The current flowing through
,

. 0

lq and R2 is called the bieeder eprrent; In gencral, the bleeder 'current-

-

-91- .94-,

I.

a

"



should be.approximately 1070.of t.he total current supplied.

Writing Kirchoff's voltage law equation around the loop, gives.

100 .., '11111 + 11R2

Solving bur the current 1.1 yields,

100

+ R2

The voltage VL is,

.100 R2
IiR2-m- R14 R2

,

and since it is desired to hav1e VL = 20 volts.j 20

It

100 it'2

Ri + R2

1 R2

5 R1 + R2

Solving for Ri yields,.

R1 =.= 4R2

,t+

(1)

(2)

1

Therefore making ki-four times greater dian R2 and.also with the.requirement

that-RL > R2 re4ults in the.ddsired 20 volts atross RL.-

In the previous example .the design of the voltage divider was simplifie

4

'since we assumed np load effect. In a practical appfication this loading
,

effect (the current drawn by the 1oa,(1 110 cannot be neglected. J..et us.now

4 consider the &Ise where the load draws appreciable current% Suppve a,

200 volt supply. is available and it is asired to supply a load wit-6.15 ma

at 150 volts.

1

200v

Fl.sure 2

o

4.

1.

,-41\
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14

- -I

Applying the general rule that the bleeder current shpuld be apptoxitvatoly

* - .

10% of the total resultd in a .bleeder current of 1.5-ma. =

,

o ..

Therefore thermal current supplied'isjhe load_current pinh,..the

bleeder current or 15 + 1.5 m 16.5 ma.

Solving for the required value of IQ and,111 yields,

150 v
R2 is, m 100K

1.5 ma

211p.- 150 5Q.
R1 .s

6.5 ma 16.5 ma
t

The load resistantecan also be calculated as,

4( 150 v
'1-5"..rZ

, .

laboratory Operation Procedure:

''.

.1. Deslin'a voltage di.vider to meet the followIng Specifications

3.03K

°

T.. .

- .

t
e,

k

,

Supply Voltage 60 v

Load RLI .30 v @

Load, -4:2 45 V 2 ma

8 ma

.' 0

- Load 14,3
.

1)0 v .-@ 5 ma
.

.
,

-..° , i2. Obtarn the resistors with valueS,as close to the des4vk values.' .
..

s,..

,

4

, rt.. .0

as posbtble and cond uct the cineult. iCh-.eck

deSivd currents and-voltages are obtained.

t,

2

-9 3-- 9,6

.

to see t4at

a_

. -

4

"..

1 I.

el.

, .

-

;.

'44

0' .1

0; kr .1

. k

Nh,
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6

,

r Dividers

Test:

4

-de

1. Design a voltage divider to suliply the following loads.itom a

200 volt power supply. 150 v @ 25 ma,, 100 v @ 10 ma, 75 v @ 1 ma,

..and 23 v.@ 20 ma,

4

2. Derive'an expression for the voltage across Rx in the.follow1ng
1d

circUit?

(1.

.e

. 4

si..7 R2

R3

AiV\r

-94-

,

R4

/ 4,"
/

II



l'hase l3 Volt ders

Hoqework KA.U.S121181:

1., What value of blee'der resistpnce should be used in .the Wlowing

100v

voltage divider if the bleeder current.is 5 ma?

60v @ 8

1PQy @ 3Qjna
4.

Rb

.1

-Li

Ov @ 1?ma

2. What is the voltage across itx in the folraging circuit?

4

5oo

I /

10p2 isciQJ 20S1 ,> ,q0QN,Rx
/ )

I

1°

4.

Pi

.
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Illyrtgjksaiolp

.Usp of uhetvoitage divjdr
.

when all.alyziqg a given circuit.

. .

current divider will now be,a zed.

s a/G:ery useful tool. Wean save iime

///
circuit Fltich divides current, a

A.
Ic

s

A

,r-

4

4

40

a.
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Phase 14

Facts fnd prinCIples to be learned from this phasi.

1. Basic Attion of a current divyer.

gssjimilosi Discussion:

k

.

1

40.

, A

,As!I current divider idrbasically a network Fhtch reduces an input currbnt,'

Consider the circuit in Figure 1.

45-

VT

11.4.

R2

Figure 4 -/Simple Curredt,Di4der

ks

Figure 1 is a simple parallel network being supplied with'.a current IT.
4

'It i.s dAired to obain'the current Ii.and 12. The volta 6 across thisN f

parallel combination fs given,by the,following exprtssf

Ri R2
VT 71T + R2

A, The current 11 is. th'etr,

1

VT

4t;
.YRi R2

,

i

-111 + R2
i:

i

- Ri
I

(?)

(1)

Ii
R2

11 R1 + R2

.!

4

' I



4r.

'The current tfirTugh the resistor R 8 ,

R1
12 LT°R2 R1 + R2 (3)

,
We the'refotc; can conclude that when a current spZits between two resistors 1

.
(

the current through one r sto i directly proportional to the other resistor
,.

and inversely proportional to the sum of the tw? resistord.-' As a practical

example, ket us consider the circuit in Figure,2:'...

,,.,

10 ma , J
q

10K
---,\AA.,

4

. A
C

T ,L 1

/
* 301(-, el 12 1 k,201(.1

ct

I

.

I i

-,'

Figure 2

.

^r

a

It ip desired to determine:the output voltage E . This problem'can easily

be.solVed once 12 is determined. Using the çurrent divider expression,

30K 30
12 10 x

30K + 10K + 20K.7 x 60

Thexefore the output voltage E(yis

E 12 (20K) = 5 x 20 100 'Mits.

As seen, the output voltage is readilyrlcomputed bY applying.the current

4

divider expressioni.

1.

11.11119.W.aa 91.1Ltmallo. Prbcedure:

A

1. Measur6 and record the TeSistances ,that are to be used in the circuit

below.



0 I

2. Determine the value of RL which will allowYma to flow througirit.

3. Set up circuit and measure the current through 41L,
, ,

1.0

4. Using,the.value of RL Prom step 2, det.Kmin'e the curreitt through

it. if points A, A, and C are connected toget her.

5. Set up the Circuit and measure the currnt through RL. ,/

25v

Pr's

.4

A

-99-
1 02

ve.

a



Phaqe 14

Preparation Test:.

\

Current Divider

1. Find\tht Cmrrent.throdgh Rx in the following circuit.

ea

6

p3OP

It%
120S-220 ma

, "250i1.

,

.(...200S
i .

, S
1S 80P

t
,

.0

Cr

`--.1500

Rx

1

2. What value of Rx will allow 5 ma tq flow througtRi?

a

100PANA _

25 ma

\ I

100 ma [

,2600

103'

Ri

2502

A



4

lir

I.

Dmework Exercises:

tr.

Current Divider

a

el. Derive an expression for the current through Rx-in the following

circuit

Rl. R2

R3

R8

4 ,

0

2. What current will flow through Rx in the following circuit?

lOv +4.

SQ 1Q
,Ai AAArv

50

4

Rx v

5C/I

*.

S.

4.



It

?Amp_

Conclud Disctthsion:

Current Divider

The current divider.expresSion is very helpful when analyzing many

circukts. In many cases it can save valuable time.

(

4

a

a

f

105
-102-

.ce
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Vbpdo 15, Ammeters .

-v

Facts and principles terbe learned'in this phase.

,

6-

1. ConstrUction of basi. D'Arsonval,metem

2. Dpsign of a meter to increase the maximum

basic meter movement.

4
NO,

Pre4nin4ry Discussion:

current capabilitly oi a

a

Since the vrimary function of a technician L.0 testing and troubleshooting

cii-tuits with the aid of meters, it-is iraportant that he have a basic

understanding of theslmaers. A11 d-c meter work on principle that
.

the needle (pointer) delleption is proportional to the current which is

beihg measured. The most commontyPe of meter in use today ds the germanentc

magnet Toving,'coil systemicbmmonly referred to
v.

Discussion:

The D'Arsonaf meter movement works on

fields interacting with each_otiker. When a

it placed in the vicinity of atfixed magnet

on the
%

mo-kiable wagn'et 4ch that unlike poles

as the D'Arsonval movement.
a

a II

the principle of two.magnetiJ

magnet whichas free to rotate

there w111 be a force exrted

align opi;osite one another.

Let us first consider the electromagnet shown in Figure 1 ;"

S.

41i
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Figure.1 ,.Simple- Electroulagriet,---

With thji battery connected as shown conventional current flows as indicated.

Use of the right hand rule enables us to determine that the magnetic lines

of flux emerge from the right end and enter the left end of the bar, thus

creating an electromagnet with poles as indicated: Placing this electromagnet

inside.a magnetic field and adding a spring forms the basic D'Arsonyal meter.

Th4s is illustrated in Figure 2.

N;

Spring produces

Countert,orque

Directiori

of

Rotation

:\

(

Stationary Permanent

Magnet

Electromagnet

(moving co'il) free to ilotate

about its center

Figure 2 - Basic D'Arsonval.MeW Moveyient
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51.

Let us analyze the action of Orli moving coil system. Thescurrent to tire''

measured is Applied to-the moving coil as shown. The moving coil attains

poles as in4tbated which interacts wfth the magnetic field of the permanent.

magnet The spring, supplies the torclue to oppose the torque produced by.

the interaction of the magnetic fields. If the permanent magnet provides

a flux (Pp and the current in the moving coil producei a flux (pc, the -

awning torque.on the moving coil is proportional to.the product of the

Th1.8.1.6 expressed as
r

'W.
A

- where k is a pToportionk\lity constant. S'incelp.ill A7conseant, we 'cAn
I 4,0.0.:.0

1 f . . . . :

rewrite equation (1) as, I; .
.-

., .

, ...k

I.

T kl

where ki k (Pp

now since (pc is directly proportional to the current in Ihe coil, we can

sair,

(PC k2 (3)

where I is the current...lin t,he coil\and k2 is a proportional4ty constant.
.

Therefore

T k3 1, (4)

Thus the torque and therefore the angle of otation o he moving coil is

directly proportional tp.the current in the coili)

order to complete theJkasic WArsonval meter, We _need. o'ladd a

.. .

needletto the moving 'coil'and a scdle to indicate the value of Current'heing
.. , \ 4-

. .4%.
: measured. The complete basic WArsonval meter is shown -in Figura. 1.

. .

1.
-105- 108
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Spring

51

If-

"-

S'cale

4

Full Seale

-

Figurel - Basic D'Arsonval Meter

Needle

%ran.

The basic meter movement is designed so thk when *a certain amount of

current flows through the moving.coir, the.needle deflects to-the-full-scale

position. The current required to produce this full-fscale deflection is

called ehe meter's deflection sensitivity.. For example, a meter which

requires 1 ma for full-Seale deflection has a deflection sensitivity of I ma.

The moving coil is condtructed by winding_turns of copper wire around

a soft iron bar. The coil being made from copper has a certain amour" f

resistance. Since tk.e.surrent to be measured flows through this coil, every
.

q. 'L'

..1
.

t

meter has a certaiir amount.of resistance associated Wlth it. Thus'we can.

-model the basic meter movement wil:h the coil resistance 144 in series with

an idea,1 meter having no resistance. This i shown in Figure 4.

.1)
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A

ra.

oost

J.

R.M

.1------tivv. ---c M

(coil resit:lance

I
I

(meter)

Figure 4 - Model for Basic Meter Movement

1
The maxtmum current of a meter_may'be increased by adding a reastOr

in Oarallel with the basic meter. Suppose' we have a 100 ohm basil movement

with a deflection sensitivity of 1/ma, and we wish to increase.the capability

of the meter so that it can read up to 3 ma. We must therefore shunt the

basic movement of a suitable resistor. A circuit diagram is shown in
4.

Figure 5.

3 ma

4.

gm

M

1 ma 1000
RS

_

-7.

2 ma

Figure 5

3 ma

The calcutlation of the shunt resistoris as follows; Since the basic

-movement is only capable'of handling 1 ma, we 'Ittuqt bypasa 2 ma through

the shunt resistor. We now have a parallel circuit which has to be analyzed.

Thcs is shown in Figure 5.- The voltage across the parallel circuit is

V ImRm m= 1 (.1) (=!0.1 volts

. -

The total curreht is dqual to the meter/current Im, plus the shunt current Is.



T + Is

Solving- for thpLahunt curirent Yields
/

IS/*" IT fm 14 3 1 .5. 2 ma.

re the value of the shunt repiator As

PS
V

Is
,--- .5, 50 ;ohms.
2' ma

.7

The value of Rs can ,fflasily Ile computed by the following expression. We can

say that,

solving for Rs yields

4

1m

Rs °" "s- Rm --T- (10 ) 50 ohm.

Thd'efore by placing a 50 ohm resistor in shunt with the basic meter, we

have increased the meters capability from 1 ma to 3 ma.

Laboratory Operation Procedure:

4P

1. A 0-10 milliampere trument is to be constructed. Using the

resistance shown on the basic meter movement, compute the necesaary

shunt resistor and its power di

2. Obtain the proper resistor and

3. Check the resultant instrument

(the latter swiAtched to its' 10 ma range). Use the calibration

seipation .

construct the meter.

ealibratIon against a Student meter

circuit below.

Power

Supply

46
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AucupBters.

e 1 j

4.

Design gn ammeter to read 1. ;;Imp at full-scale wItth a Spa

,

movement aving a resigtace of 100 ohms--,

4!

2. Solve for the shunt resistors in the folloring ammeter so that it

has a 1 ma,*10 ma, and 100 ma range. ICuses a 1 ma.movefilent

with a resistance of 200 ohms:

4.

1 ma

I.

10 ma
>0 -,A.A/".-

100 mavw-

-109,11.1
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441.

khAR.9-15. Ammeters

HoixeNdirk Exe ci es:

1. A 100 tilik

1
such th

,

. 1movement wlitts a deflection sentsativity of 1 ma is shunted
.,i .

A * .

can measure 5 ma full-scale. What is the value of the

shunt stor?

A multiscale ammeter has scales of l'Mla; 5 ma; 10 ma; 20 ma.

A 100-pa movement with 50 ohms of resistance is used;

the values of the four shunt resistors.

41P

'3.

Calcplate/

v
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Ammeters

.4

OnP41.0kna PlEthal211:

The impol-tant point.to 4
. .

basic mete.movement ts that
A

r
, . ,

.e. . . .

litember41.1h0q. Aegigding an adneter'from a.
. .

he thpurrOt.roughitlie moving coil cas.n ot-

a.

Jt

exceed title cuireni required for full-sdale deflection. It also should be
%

easy to-dee that- the-basic ep4r-ttoyement-can-be-extendee-te-a-multirang

meter bir adding abveral interialIshunts.,

If

tb,

0

.4

A.

,

401*
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Phase 16 VoltTeters

),
Pacts and principles Co be learned in this ph. se:

t

4' 1. Cpnstruction of a vbltmeter.

2. _Increasing-the voltage range of a basic'ineter mtovement.

3. Concept of voltmeter sensitivity.

PrelimtakAry. Discussion:

41. .

air

. Suppose a 1 Eqg movement which has'a coil r5sistance of 100 ohms is

avail6le. At full-scale the eurrent flowing through the meter is 1 ma and .

the voltage across the meter is, from ohm's law,

Vm ImRm (1 ma) (100Q) ,.. 0.1v 100 my.

4. If the satne movement has 0.5 ma flowing through it, the voltage across the

terminals is,

a. ,

Vm ImRm (.5 ma) (100 ohm) 50 mv.

- Therefore not only does the meter measure currnt, but It measures voltage

as well. Thus this meter could adso be calibrated IA millivolts. The

s
voltage range of the meter can be increased by/placing a resistor in series

with'the basic meter movement, Suppose, for example, we Wish to increase

the voltage range.of the basic meter movement so that it isable to measure

sup to 5 volts ful1-4ca1e. The procedure foe.calculating the value of the

series reststor (Rx) ig as, follows:

0

-41.2- 115
a



4

-b 4

Meter Terminals.

Figure 1 - Circuit for Increasing the Voltagd Range

v

of a Basic Meter Movement_ _ . _ _ _ . _ _ . . . _ _ . . _ . _ . _ . _ _ . _

The basic metwmovement gives full-scate,deflection at 1 ma.

Since it is deviretrto read up to 5 volts, the voltage across the

ter6inals of the meter should be 5 volts when 1 ma is flowing through the

meter.. Therefore'the serie 'combination of Rx ad Rm is

Rx+
E 5_17

Im 1 ma
v. 5K

4

41_

. ? Rx ..i 5000 - Rm.,. 5,000 - 100 z,. 4900 01111134.
A

.

Therefore by adding a ,4,900 ohm resistor in sefies with the basic meter.
,

\.,
.

movement, we increase the rangt of the meter, so that 1.4an read 5 volt?
7 ,

full-scale. Thdrtotal resistance on the 5 volt range is 5,000 ohms. The

total resistance divided by the full-acale .deflection voltage gives thee

roltmen6r sensitivity. For.the voltmeter Aescribed above, the sensitivity

.

5-,000 ohms

5 volts
1,000 ohmb per volt

Note that figure is unchanged by adding Rx. It is a basic propetty of

a meter Und does l;ib c4ange for differenevulues of R.

For,example if we-wish to construct a meter-to read 20 volts full-scale,
I.

%Jiang the same basic meter movemedt:, e require Rx rtldi to equal, .

20

Utied+

416

ma
gt 20,000 ohms.



4.

3

a

or%

0

Thus the voltmeter's sensitivity is:

the same as before.

214922-2129.1.
20 Volts

1
'

000 ohms per volt,

t

We can'also deteermine the voltmeter sensitivity by taking the Aciprocal

-of the current sensitivity of a mete For the meter above this results in

which is* the same as befo e.

1,000 ohma per volt,

Lab-prat.= 22frat.12a Procedure:

1. Using the 1 ma basic meter moveTent design and construct a 0-100

-
'volt instrumeA having a sensitivity of 1,000 ohms per volt. Compute

.the necessary series resistor.:

t
2. bsing tht circuit below, check the calibration against a s udent,'

.

meter. Place the studentwmeler's switch on the 100 volt range.

Power

Supply* 10K

3. Design and construct a 0-100 volt meter having a sensitivity of
,

100 ohms per volt.

Repeat step 2 for this meter

-114-
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SI

I.

aft

sr.119.9_1.§.1 m2Sara

Proparati9n Test:

k

Design a 0-100 volt voltmeter with a pensitivity of 1,000 ohms

pr v61t using a 1 ma movement with a resistance of 250 ohms.

2. Design a voltmeter to read 150 volts full-scale with a sensitivity

of 100 ohmi per volt using a 100 pa movement with a resistance

of 300 ohms.

4.

.0

N./

All 8,
-115-
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ft,

1
Ems:Loft Exercises:

a

6.

y9ltmeters

1. A meter movement has a resistance of 50 ohms and a full,wale

%
deflection of I ma. What is the value-of the resistor required to

increase the:meter range so that it is able to read up to 200 volts

full-scale?

* ,

2. A 50 pa movement whose total resistance is 1,000 ohmoeis used to

construct a voltmet.er. Calculate the series resistors require'd

for 30v and 150 volt raAges. .

'9

loc

'So

-116-119
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concluding, Discussion`:,

A

Voltmeters

Ammeters and voltmeters are Toncructed from the, same.basic meter

movement. The difference lies in the method in which the eicterhal resistar,:ce

t
is connected. The ammeter has the ext4nai resista4de,connetted in parallel

FrIlk_t4e moving.moil whilethd Voltveter- has lha-external-Tesletor-in---

serAes witA the moving coil%

Good ammeters should offer a very small resistance while a good

voltmeter should offeK a fairly iarge resistance.

4

14,

S.
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Phase.17 Ioadin of Voltmeters

Facts and principles to be learned in this phase.

I`

4
e

1. Effect.of different voltmeters in a circuit.

. FVelimindry Discutsion:

An ideal voltMeter should draw no current, but since,the moving coil
...

-requires a small current to.obtain a reading, the voltmeter must draw this

current from the circuit which is being measurer Theref9Te in order to

obtain, accurate readings the voltmeter should not load down the circuit

appreciably. The voltmeter should thus have a high resistance if the above

is t6 'be.erue. Let ue consider the circuit-of Figure 1.

,20K

50v
50K ( v

0
1

Figure 1 - Circuit to Demonstrate the Effect

of Different, Voltmeter Sensitivities

Theoretically the voltage.drop across the 50..K resistor is by the voltage

divider ejtpression,
N-,

50 e
20 + 50 x 50 = 35.7 volts

Suppose we connect a 10,000 ohm per yolt meter on a 50 volt full-scale

across the 50 K resistor. WI3st will'this voltineter read?

1

'A

121



.

Theresiatiance of the meter is

10,000 919-1-18 x 50 volt 500,000 ohms.volt .

This 500 K resistance in parallel with a 50 K resistor results in a .parallel

resistanee df

, 500 x 50
Rp 45/4 K

Thus this voltme,ter will read

45.4
f' _20 4- 454

5px .Y 22. 3.0,1

or about a 3% error..

1 volts

Now suppose 'We replace this voltmeter with one that has a sensitivity

of 1,000 ohms per volt on the 50 volt scale. What will this voltmeter read?

A 1,000 ohm per viop meter on a 50 volt range has a resistance of

R 1,000
ohms

x'50 volts 50,000-ohms.volt

Therefore this resistance in parallel...with the 50 K resistor has a parallel

combination of 25 K and the. voltmeter' will pow read

20 4- 25 x 50 16..7 volts

C
which represents an error of over 50%. 'Therefore it.can be concluded that

A

the higher the voltmeter sensitiliity, the more accurate will'be the voltmeter

reading:

1.,11129sittcou Operation Procedure:

I. Calculate che total resistance of each voltmeter canstructed'in

A
the preceding phase.

1 22
-119-
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2. For the circuit below, calcUlate the voltage VAB by five different

methods, namely.

(a) Loop Analysis'

(b) Nodal Analysis

(c) Thevenin's- *Theorem

(d) Norton's Theorem

k,
(e) Superposition Theorem

Include the meter reslstance which was calculated in step 1.

3. Construct the circuit and measure VAB with each constructed volt-

meter from the previous phaA. Compare the results.
4

lOOv

4 1

a

25v



Xbdse 17

12/22..asgtil.o.p... Test:

Lowling*Effect of Voltmeters

f

What volta would a 10,000 ohm per volt meter on the 0-50 volt range

read if connected across the 12K resistor in the followinCcircuit?

I9K 27K

33K

12K

-12i-

50v

124
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A

rhdse 17 li.oading-Effect of Voltmeters

t

Homework Exercise:

1. (a) What would a 10 ohm per volt meter CI: the 0-110 volt range

read if connected across the 10K resistpr in the circuit

below?

(b) 100 ohm per volt on the 0450 volt range?

(c) 1,000 ohm per volt on the 0-250 volt range?

(d) 10,000 ohm per volt on the 0-250 volt range?

(e) 20,000 ohm per volt on the 0-250 volt range?

5K

NAN

150v 10K

0.

125
, -122-
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Phase

Coneludft Discussion:

Voltmetprs

An ideal voltmeter should have an infinite resistance and therefore

should not-draw current- As discussed earlilr the moving coil requires a

small current to obtain a readi d therefore does offer a finite

resistance. Thas resistance which a voltmeter introduces depends on its

isensitivity. This phase should help the student in future measurements

work.

11.

ft
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PRINCIPAL PROBLEM

/ NUMBER 2

OSCILLOSCOPE

Vs
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Statement of At Problem:.
.1,

I

- .s-ar ,7-+r -"`--

The oscilloscope tO one of the most useful piecfis of electronic equipment

o whiOs thre technician will come in contactth. The technician must L able

td udo ihe oscilloscope as a diagimstic tool. He must Wow its limitations
vAr

and capabilities and practice its ie-e until it becomes fin txtension ofihis

senses. Learning how.to establish 11.pidture. f a waveform)is_merely the.

beginning. Learning to measure and interpret the waveform for the purpose

of understanding a problem is the real and most difficult part of learning

how to use the oscilloscope. leis therefore imperative that the technician

become very familiar with this versatile instrument. This prOttem is

4
thterefore designed to familiarize the student with the oscilloscope.

"

.

-125128
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Phase 1

'Facts-and. Principles to be learned 'in this problou.

1. Introduce the oscilloscoir

2. Learathe capaBilities and

Dis'oustiion:

4 .e

to the student.

1tmitations of the oscilloscope..

Bas1c4lly the oscilloscope consists of a cathode - ray tube (CRT) and

electronic circuits such as amplifiers, power supplies and sweep generators.

The oscilloscope'is a voltage indicating instrument which is generally,used

for observation of electrical phenomena and for making many types of

3

measurements.

The CRT conetsts of three basic parts, (1) an electron gun (2) two pairs
(1,

of deflection plates, and (3) a screen. The CRT is shown in FigureA.

0

Cathode - Ray Tube

Eledtron #gun

Vertical
Deflection

Plates

1/

Horizontal.DeflectiOn Plates

Electron Beam

Figure 1

"0-

tcreen.



The function of the electron gun is to emit a narrow beam of high velocity

electrons ailed at the screen. Upon-etriking the screen, the Icinetft enecgy

of the electrons is converted to light en rgy and a visible spot appears

on the screen. The function of the deflection plates is ta deflect the beam

so that the visible spot will moire anywhere on thepscreen. With no potential'

applied to the deflection plates; the electron beam passes through the

deflection plates ancleateikes the center of the screen. The screen is coated

with phosphor so that when the beamstrikes it a visible bright spot appears.

A characteristic of phospor known as phosphorescence retains the spot for

a brief period. This is usgul when it is dgsired tb view a rapid change

in signal level. If a d c potential which makes the top vertical deflection

plate more positive than the,lower on.e, is aprilied, the electron beawwill

be deflected upward. The beam can be deflected downward by making the Lower

plate more positive than the top plate. Similarly the beam can be.deflected

to the right or'to the left with d c potentials on the horizontal plates.

One word of cauttiron-here. The-intensity of the Spot should be kept as low

as possible to avold destroying the screen.

Now stha_we have discussed the.operation of the CRT let us look at a

block diagram for a typical oscilloscope.. This is shown in Figure 2.
J

Pe

-42,7-130

1

S.
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Vertical
Input

se-

C.R.T.

a

4t

{.

a
Ore

Cathode 7- Ray

Deflectton
Plates

Power
Supply

-

agurel 7 Block Diagram of Basic Oscilloscope

"128_
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4

Note that the basic oscilloscope conpists of a;

1. Vertical amplifier

2. Horizontal amplifier

3. Time base generator

4. Power supply

5. Cathode - ray tube
JP.

itt

When it is desired to observe a periodic:time-varying waveform-, switch S is

placed in position A and the signal to be observed is appliedto the_vertical__

amplifier. With the switch S in this position, the time base generator e/

provides a saw-Ltooth voltage which is applied to the horizontal deflecting

plates through the hdrizontal amplifier. A typical saw-tooth wave is
atMr

illustrated in Figure 3.

Figure 3 - Saw-tooth Signal which is

Applied to the Horizontal Amplifier
%

seen from Figure 3 the saw-tooth wave searts from a ndgative value and

rises linearly to some positive maximum value. It then drops sharply to

zero. When this saw-tooth wave is applied to the horizontal amplifier and
A

132
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with no signal applied to the vertical amplifier, the spot on the screen.is

deflected from left to right at a constant rate. When the saw-tooth drops

back to its original negative value, the spot returns rapidly to the lea

th.en starts sweeping to the right again. This repeats at the frequency of

the saw-tooth. The frequency of the saw-tooth can be varied by a selpctor

switch which is on the face of the oscilloscope. This makes the spot travel

from left to right at different rates. If the frequency of the saw-tooth

is ilicreased -to- a-high -enough-value, the-spot-will-travel from-left-to-right

at a high rat9. Due to the phosphorescence of the screen, instead of seeing

a spot 6weep across the screep, a horizontal line will be observed.

Suppose it is desired to observe a sinusoidal voltage waveform on the

oscilloscope face. This can be ac.cplished in the following manner. First

we place S in position A so that a time bage is provided. Next the sinusoidal

signal to be observed is applied to the vertical amplifier. By doing so or
.

electron beam will be deflected both horizont'all and vertically. With these

two waveforms applied simultaneously, graphical methods can be used to obtain

the Waveform appearing on'the screen. This procedure is illustrated in

Figure 4.

ft



. Resulting
Waveform

on
C.R.T.

I.

a

40.

V,

Voltage applied to
Vertical Amplifier

' (Wave)orm to be
observed)

Voltage applied to Horizontal

Amplifier (provides time base)

Time

Craphica method of determining resulting waveform

r"

Figure 4

The two amplifiers are required since in many cases, the voltage levels of
I.

some signals to be observed are so small that the electron beam will not be ./

deflected sufficiently. The amplifiers will amplify the signal to such a

value that the electron beam can be deflected enough to be observed. .In

- Iorder to obtain correct data from the waveforms observed on the screen, it is V

essential that the gains of both amplifiers be properly.calibrated. The

procedured is usually given in the instruction manual that comes with the.

osocilloscope.

The power supply provides the d c voltages whicb tacircuits and

:the CRT require. In a - c analysis, it is sometimes i'6quired to determine

the phase angle between two signals. This can be accomplished by switching

:OA



the position of the switch to pcisition B. .In doing so the time base

generator is bypapsedic. We are now allowed to apply a signal to the horizontal

amplifier. .Applying two a - c signals of the same frequency but of different
0

phase angles results in a pattern, of the scope face. This is known as a

Lissajous' figure. From this piittern, we can determine,the phase angle

between the two signals. This is one of the many measurements which can,

be made with the aid of an oscilloscope.

ItstesItsii. Operation Procedure:

1. Obtain a Fairchild 701 Instructional manual anli become familiar with
0

ky----the oscilloscope and its controls. Make.a list of each control and
V

0

its function.

Note that the control that is marked TIME/CM and VOLT/CM is the

switch that was discussed earlier. 'When this control i in the

TIME/CM position,,the switch is in position A. As can be seen

ther.e are several frequencies to be shlected from. When this control

is on the VOLT/CM position, the time base generator is bypassed-,.

(switch in position B). There are two or three different gains

which can be selected in this position.

2. Calibrate and balance'the horizontal and vertical amplifiers.

3. Set up the oscilloscope so that two separate d-- c potentials may

lc, be vplied directly to the vertical and horizontal plates. Center

0 the spot on the screen. Apply a d c potential to the 'vertical

plates and- record voltage and deflection (C10. Plot voltage versus

deflection.' This shonld plot into a straight line since the deflection

t

135
-132- ,
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aq.

sensitivity (volts/cm) is essentially a constant. Reverse the

,,p4olarity and repeat the above procedure..

4. Repeat step 3 for the horizontal plates.

5. Calculate the deflection sensitivity for the horizohtal and

vertical plates;

6. 'Apply an equal voltaae,to both plates. Increase in steps thjs

voltage and observe the path followed by the spot.

e,

ats

1. 3 6 ,

-4317
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Phase 1

ELtapAratifia Test:

1

1. Name the three parts of the cathode - ray - tube and their function.

2. Draw a block diagram of the basic oscilloscope.

3. What is the function of a time base generator?

4. Why must 04 amplifiers,be Calibrated? 401

..

-137
-134-
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Phass.2 1

It

ceneluding Discupsi9n:

This problem has served the purpose of introducing the oscilloscope.

In following problbms much use of the oscilloscope will be made. For

example, in a - c work it will be used to make phase and frequency

_measurements. -The oscilloscepe will-also-be-used-to-pbtain-vatuom"tube

and transistorcharacteristic curves. For the present it is suffici

that the student understand the function Of each knob on the oscillNcope

face.
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PRINCIPAL PROBLEM

NUMiER 3

R .0 TRANS MI'S
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agampl of ,the rob lost:

Many electronic systems such as radar, television, and comput4r8 require

circuits which change the form of an incoming signal to some desired shape.

A circuit which performs such a function is usually called a waveshaping

circuit. Many of these circuits utilize RC, (resistive - capacitive),
1

networks and RI" (resistive - inductive) networks. The purpose-of this problem

to_introduce some_of the-basic-principles-of-RC-networks.-:

4
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Phase 1 Transient Analysis of RC'Networks

Facts and Principles to be learned in this problem,

1. Capacitor charging and dischargiing through a resistor.

2. Voltage across a capacitor cannot change instantaneously.

3. Characteristics of simple RC waveshaping circuits.

E.1111glattr1 Discussion:

One of-the basic definitions of capacitance is; C
V

The above expression state4that the capacitance of a capacitor is equal to

the ratio of the charge on the capacitor to the voltage across the tapacitor.

When analyzing RC networks, we must keep infmind that The charge on a

capacitor' and therefore the voltage across a capacit9r cannot change

instantaneously. This is a fundamental but very impoitant poirq to keep In

mind. Most RC circuits can be reduced by Thevenin's Theorem to a simple

series circuit consisting of a d c source, a resistor and a capacitor.

Let us consider the circui,t shown in Figure k.

A

Figure 1 - Series RC Circuit

-138-.
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At t m 0 switch S will be placed in position A. At t K., 0, we will assume

that there is no charge gn the capacitor and therefore no voltage across

the capacitor. After a sufficiently long time, the capacitor will charge

to the battery voltage E, and current will cease to flow.

Initially the voltage across the capacitor is zero, and ikts final

voltage is E. It can b determined by mathematical analysia, that the

voltage waveform varies exponentially in the time that the capacitor is

charging to-the 41attery voltage-. -Lep us-look into- thie matter-A little-

closer. At t 0 the switch is closed and the applied voltage is E. Now

since the capacitor voltage cannot change instantly from zero, the voltage

across the resistor has to jump instantly to E volts in order for Kirchoff's

voltage law to hold. This is seen by writing Kirchoff's law

E VR VC

and initially (t 0), VC

Therefore

Now since VR iR,

solving for i,

VR E

iR E

4
4.

ii

we see that at t ,.. 0, the current jumps instantly to.E/R amps. This initial

current flow soon places a small charge on the capacitor. Since

a small voltage will appear across the capacitor. This small voltage is

in opposition to the battery voltage, therefore the current must decrease

and the capacitor will charge more slowly. This process continues until the

s
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capacitor becomes fully charged and the voltage.ac ss it equals the battery

. voltage. At t'jia time the voltage acrosp the r qistor is zero since no

current flow in the circuitm. The diagrams below illustrate the manner in

which the curreax, the voltage across the resistor and the yoltage across

the capacitor vary with time.

T 0

Vc

1/4).

a.

E/R

T 0,

Nbte that at every instInt that Kirchoffs' voltage law must hold. Therefore ,

at every instant the voltage drop across the resistor plus the voltage drop

across the capacitor have to equal the battpdY voltage g.

The capacitor charges to the battery voltage E and the time it takes

to get there depends on the resistor and capacitor sizes. We will now

introduce the concept of a time constant (T). .& a simple series RC circuitt

thetime constant is equal to"the product of R and C.

One time constant is equal to the time required to Charge a capacitor -

to 63 per cent of its final voltage or for a capacitor to discharge to

a

37 per cent of its final voltage. In general we can assume thax the charging

or discharging, whichever is the case, is completed after,five time, C')
X

constants, (50.

Now suppose that the switch has been held in position 1, a sufficient

time (t > 50 so that the capacAtor has been charged tolthe battery voltage

-140-
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E. At t tj the switch is placed in position B thus placing a direct short

across the charged RC network.. Since the.voltage across the capacitor cannot

change instantly, then any sudden change in yoltage must appear across the

resistor. Writing Kimhoff's voltage law at x ti yields

0 P VR VC VR E

Theref ore

VR 53 -E.

Thua we aee _that the voltage -drop -across --the -resistor -must-suddenly drop:to

-E volts. This'means therefore that since VR iR, that the current must

instantaneously drop tos7E/R. The capacitor voltage will then start to

decay exponentially to zero as will the voltage drop across the resistor,

VR4 and the current i. This is illustrated in Figure P3.. Note that the

timeconstant for this circuit is also equal to, r RC. Therefore these

exponentials decay to zero at the same rate as when the capacitor was

charging.

4?
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VR

-E/R

ti

FigUr 3

f.

We will now give without proof, the equations for the buildup of a voltage

across a capabiti)r with tero initial charge;
fir

VC 'rc E (1 e
t/RC

)
(1)

yhere Vc is the capacitor voltage at any time t. The voltage decay across

the resistor is given by,

115
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VR m E t/RC
(2)

where V
R is the voltage drop across the-resistor at any time t.

Thus, for a given RC netwolit, we can determine VR and Vc at a given time

by substituting into equations 1 and 2.

. Instead of substituting into equations (1) and (2), we can develop two

/Universal curves which ean be used for any-circuit. Dealing with equatVon

(1), we fiKst normalize the equation by dividing both sides by E.

VC e_t/RC
(14)

-E

now letting x
'

we can write the above expression as
RC

VC
1 - e

-x
(1B)

Similarly dealing withrequation (2),

0 VR 2.41.Flt

(2A)

A

From math tables we can plot equations (10 and (2A) for different values

of x. These two plots result in universal.exponentiai'curves, shown in

Figure 4. Note that these curves can also be.used to determine exponentially

decaying or rising currents also.

0.5 meg

Figure 5 -.Si'mple RC Circuit

1 pf

As an example, let us consider the simple RC of Figure 5. Assume VC = 0

initially. Suppose it is desired to determine the voltage across the residtor

and capacitor I bee. after the switch is closed.
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First we know that the capacitor voltage will stirt from zero and rise

exponsintially to 50v. The resistor voltage will start it +50 v *and decay

exponentially to zero volts.

Solving for. x,

t . inec 1

RC
2

From curVe A, wie find that at x ... 2 the c4pacitor voltage has iisen to 86%

of its final vitlue.
- -4-

, Thereorq at.x .. 0.5 sec.0 .

Vc ,86 (50) 43 volts..

From curve B, the reiistor voltage is down,to 14% of its Maximut value or,

VR .14 (50) 7 volts.
*Nbte that at 'this instant that Kirchaff s voltage law-holds..

VC VR

Labortoryjon Procedure:
"

1. Connect th,e, ,circuit-ohorhn in the figure below.
_

100 lIz

Symmetrical
S Wave
4v p7p

r + t
47K < VR

0.0150f

41.

S.

2. Obtain and sk4ch VR and VC.
\

3. - Determine the qme 'constant from the exponential ri13'and decay..
. (it ,

4. Compare thiS with, the value ottained by multiplying R and C.

5.



444,

44.

04,

Plhase 4 Transient Analysis of RC Netwtrks

gISULTALLM Teat:

5

1. For the circuit shown, determine Vo 75 psec after the switch

-e

is closed.

Problem No. 1.

.444,

"2. For the circuit,below, determine the capacitor voltage.20 psec.

after the switch has been closed.

200v

Problem No, 2,

5K

20K

300v

1.

4 "1446
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Phase 1 TransientApArlysis of RC Networks

Homework Exercise:.

1. By graphical and analytical methods, determine the voltage,

Vo, for each of the following circuits, at 100 usec. after S

is closed.

(A),

(B)

30K

1+
200v

. I

25017%

S

HF
1000p f

50K aZ Vo

la
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Phase 1. Transient Analysis of RC.Networks

2.0Asilli4aK Discussion:

Since resistors and capacitors.can bc manufactured to precise tolerances
A

it is possible to make precision tinag networks from the combination of a

resistor and capacitor. The precision of the time interval is oftensnot

limited by the resistor or capacitor but by th- e precision_of_theo.network-

which reads the timing voltage. We shall see later that thertime constant

is the natural frequency of the circuit. If the capacitor is charged to a

test voltage level, then connected to a resistance network, the capacitor

will discharge at some hatural frequency. .If the resistanc'e - capacitance

network is part of a voltage amplifier, the reciprocal of the time constant

may determine the frequency abovvwhich the voltage dn is below 0.707

timesthe mid frequency gain. In short the time you spend in understanding

time constants is a necessary Step toward understanding the frequency

dependence of many types of circuits.

v
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